In this work, the behavior of piezoelectric composite has been studied in terms of prediction, in order to contribute to understanding the piezoelectricity, perroelectricity phenomenon of these materials. The materials with the piezoelectric intrinsic properties have been added fillers to matrix to obtain the piezoelectric composites materials. The Mori-Tanaka model has been used to predict the mechanical behavior, which is part of the electromechanical formulation. The use of Mori-Tanaka model is based on its compatibility with the composites at high fiber volume content. The results from the Mori-Tanaka model have been compared to Voigt and Reuss models. The models have been simulated using programming language to determine stress-strain behavior.
Introduction
Piezoelectric materials display an electric displacement when submitted to external mechanical stresses (direct effect) and conversely they deform when submitted to an external inverse effect [1, 2] . These materials have many applications such as electromechanical, electroacoustic and ultrasonic sensors and actuators [1] . Generally, piezoelectric materials include crystals such as quarts, topaz, and ceramics made of perovsites and tungsten-bronze structures. Piezoelectric materials can also be made from fillers added to matrix in order to obtain the low cost piezoelectric materials. In addition, the resulted materials can be easily processed and complex shapes can be manufactured using the composite processing techniques. In this work two kinds of matrices have been studied; conductor and insulator, respectively, Copper (Cu) and Silica (SiO2). The Barium Titanate (BaTiO3) has been selected as intrinsic piezoelectric material used as fillers. The Mori-Tanaka model has been used to predict the mechanical behavior of the composites at different filler volume and taking in account the mechanical properties of matrix and fillers, the fillers orientation is also used in this model.
Mathematical formulation
The constitute equation (1) in the case of single-crystal and under linear approximation [3, 4] is composed by three parts (eq 1) : the first one is the mechanical contribution, the second one is the thermal contribution and the last one is the piezoelectric contribution.
are the stress tensor, the rigidity of composite obtained using Mori-Tanaka model, the strain tensor, the thermal expansion tensor, the temperature, the piezoelectric tensor, and electrical field, respectively. The ijkl K tensor can be expressed by the equation 2 using the Mori-Tanaka model.
In this part of mathematical modeling, a method of homogenization of piezoelectric composite (Mori Tanaka) was developed in our previous work [4] .
We recall below the main equation obtained by the method of Mori Tanaka in the case of a composite with an elastic inclusion:
We note:
Micromechanics modeling piezoelectric composite materials
With: -T: Temperature. -kl ε :Strain. 
Application and interpretation of results:
In this section, we implemented the equations obtained in the MATLAB software programming, and we have taken as an application, the piezoelectric composite: Silicon Dioxide / Barium Titanate (SiO 2 /BaTiO3). Table 1 summarized the mechanical properties of the two kinds of matrices and the fillers. In the next section, we will compare the results found in [5] and those found by simulation in the case of an insulator (SiO2) in the following cases:
st case
In this case, we worked with different volume fraction of the fiber (F = 1%, F = 25%) with a constant grain orientation (φ1 = 3.11 °, 73.24 ° = φ2, φ3 = 335.88 °) during a compression test while varying the force applied to the material studied. The results of this test are shown on the following curves: We find that the curves have the same shape and they show that the Young's modulus in the case of conductor (copper) is higher than that found in the case of an insulator (Silica).
We can therefore conclude that a piezo-composite with an insulating matrix as gives adequate results in rigidity compared to the case of a conductor.
3.2Validation of the model with terminal models [5], [6],[7]
To validate our model, we simulated our program with the method of terminal models mentioned above "Voigt and Reuss", while retaining the data previously used in the case of an insulator (silica). Is therefore observed that our model is almost between the lower terminal of Reuss and Voigt Superior terminal, which has been predicted theoretically, it can only confirm the efficacy of our model.
Conclusion
In this work we presented a study of piezoelectric fiber composites, based on the homogenization model Mori Tanaka, it was developed in the case of a material that contains a high quantity of inclusions.The results offer information on the behavior of piezoelectric composites.
It appears clearly, that a relatively large increase of the volume fraction of inclusions, allows achieving a material which has a performance approximately equal to the piezoelectric material separately. So we can conclude that:
-The rigidity of the material increases and depends on the volume fraction (more volume fraction increases more deformation also increases).
-Piezocomposite with a matrix composed of an insulating ceramic (silica) gave better results compared to the composed of a conductor (copper). (High modulus Young)
The method models terminal "lower bound of Voigt and upper bound of Reuss" allowed us to test and validate our model. 
